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ABSTRACT 
Data were obtained under c lose ly  control led conditions f o r  both simulated 
and ac tua l  climbouts with the  objective of cor re la t ing  the  operation of the  
a i r c r a f t  with the  measured noise .  Two-, three-,  and four-engine commercial j e t  
a i r c r a f t  having turboje t  and turbofan engines were included i n  the  program. 
Good cor re la t ion  w a s  found between the  ground noise measurements and such 
fac tors  as f l i g h t  p ro f i l e ,  engine th rus t ,  f l a p  s e t t i n g  and a i r c r a f t  speed. 
Parametric char t s  aze included t o  i l l u s t r a t e  the  s ignif icance of the  above 
var iables  and are shown t o  be useful  f o r  ground noise predict ions.  
INTRODUCTION 
Noise during take-off -climbout operations of j e t  t ransport  a i r c r a f t  i s  a n  
important consideration because of possible adverse react ions i n  communities 
near a i rpo r t s  ( r e f .  1). 
on several  je t  t ranspor t  a i r c r a f t  (refs.  2, 3, 4, and 5) t o  determine operating 
procedures which w i l l  minimize noise exposures, and t o  evaluate a proposed 
means for  performing rap id  acoustic evaluations of new a i r c r a f t .  The object ive 
of t h i s  paper i s  t o  present some of the  r e s u l t s  of f l i g h t  research s tudies  i n  
which the  measured noise l eve l s  a r e  c lose ly  correlated with a i r c r a f t  operations.  
Data have been co l lec ted  under control led conditions 
TAKE -OFF -CLIMBOUT NOISE STUDIES 
The airplanes used i n  the  tes t  program are shown i n  f igure  1. The 
airplanes were operated by the  FAA, the  Boeing Company, Eastern Air l ines ,  and 
American Air l ines  (See f i g .  1( a),  (b) , ( c )  , and (d),  respectively) . 
The schematic diagram of f igure  2 shows the  t es t  set-up fo r  mearwing 
noise during ac tua l  f l i g h t  operations.  Aircraf t  were operated from a remotely 
located runway and were flown on various prescribed climbout p ro f i l e s  while 
being accurately tracked by ground radar. The fl ight t racks i n  a l l  cases were 
made over an a r ray  of noise measurement s t a t ions  deployed along the  ground 
t rack  a t  dis tances  varying from 11,000 feet t o  45,000 f e e t  from the  start  of 
roll. Some sample da ta  are presented i n  f igures  3 and 4. 
Figure 3 shows perceived noise l eve l s  fo r  a four-engine turboje t  powered 
a i r c r a f t  (See r e f .  2 ) .  The sketches a t  the  top  of t he  f igure  i l l u s t r a t e  the  
d i f f e ren t  climbout p r o f i l e s  employed. The da ta  at  t h e  lower l e f t  hand s ide  of 
t he  f igure  demonstrate t h e  perceived noise l e v e l  var ia t ions  associated with 
climbout p ro f i l e s  involving various engine t h r u s t  l eve l s .  Progressively lower 
perceived noise l eve l s  are associated with the  slower climb rates which i n  tu rn  
involve lower l eve l s  of t h r u s t .  The data a t  t h e  lower r i g h t  hand s ide of the  
f igure  i l l u s t r a t e  t h e  perceived noise l e v e l s  r e su l t i ng  from a reduction i n  
t h r u s t  followed by a subsequent re turn  t o  take-off t h r u s t .  This la t te r  
procedure results i n  r e l a t i v e l y  higher perceived noise l eve l s  following the  
re turn  t o  nearly take-off th rus t ,  than i f  f u l l  take-off t h r u s t  had been 
maintained. 
The data  of f igure  4 i l l u s t r a t e  t h e  amounts of perceived noise l e v e l  
reductions obtainable by power cutbacks 
of j e t  power p lan ts .  The sketch a t  t h e  
2 
fo r  a i r c r a f t  having d i f f e ren t  types 
upper l e f t  r e l a t e s  t o  a four-engine 
. tu rboje t  powered a i r c r a f t  ( r e f .  2 ) .  It can be seen t h a t  t he  reduction i n  
perceived noise l e v e l  at  the time of the power cutback i s  of the  order of 
10 PBldB. 
fan powered a i r c r a f t  ind ica te  a smaller noise l e v e l  reduction. The l e s s e r  
I n  the  sketch at  the lower l e f t ,  s i m i l a r  data fo r  a four-engine turbo- 
reduction obtainable for the  turbofan i s  due t o  the presence of fan noise.  
sketches at the  lower r i g h t  r e l a t e  a l s o  t o  fan powered a i r c r a f t  ( r e f s .  3, 4, 
and 5) and it i s  seen here t h a t  t he  perceived noise l e v e l  reductions due t o  
The 
power cutback are comparable t o  those fo r  t he  tu rbo je t .  This r e s u l t s  from 
spec ia l  design features  of these pa r t i cu la r  turbofans t o  reduce the fan noise. 
It i s  obvious t h a t  the  mount of noise reduction obtained through power cutback 
i s  a function of the  type of power plant  and i t s  de ta i led  design features  and 
hence no general izat ions can be made. 
PARAMETRIC FLIGHT STUDLES 
I n  determining the  noise ex-posures at  ground l e v e l  from the climbout 
operation of a pa r t i cu la r  a i r c r a f t ,  several  fac tors  may be important, as  
indicated i n  f igure  5. A procedure has been devised which involves control led 
f l i g h t  noise measurements t o  properly account for  a l l  of the fac tors  of the 
f igure  and which eliminates the  need f o r  repeated take-offs and landings. 
nature of t h i s  procedure i s  i l l u s t r a t e d  i n  f igure  6. 
control,  was flown i n  a l e v e l  f l i g h t  a l t i t u d e  t o  the  v i c i n i t y  of the acoustic 
range. 
were adjusted t o  provide various r a t e s  of climb from 750 t o  2,400 f e e t  per 
minute. 
Tests were repeated for each of the  climb r a t e s  with i n i t i a l  l e v e l  f l i g h t  
a l t i t u d e s  of 500, 800, and 1,100 f e e t .  These runs were conducted using fixed 
The 
The a i r c r a f t  under radar 
J u s t  p r io r  t o  reaching the acoustic range,. the  engine t h r o t t l e  s e t t t i n g s  
Data were recorded at  each s t a t i o n  as the  a i r c r a f t  passed overhead. 
3 
f l a p  s e t t i n g s  of Oo and 140 which are representa t ive  of take-off and climbout . 
conditions. 
a l t i t u d e s ,  a t  various engine t h r u s t  s e t t i ngs ,  and at  t h e  f l a p  s e t t i n g s  of 
By t h i s  means acoust ic  data were obtained f o r  various a i r c r a f t  
i n t e r e s t .  The results of these  s tud ie s  are i l l u s t r a t e d  i n  f igures  7, 8, and 9 
f o r  the four-engine turbofan t ranspor t  a i rp lane .  
The maximum sound pressure l e v e l  values during flyover are p lo t t ed  as a 
function of a i r c r a f t  a l t i t u d e  f o r  t h ree  engine t h r u s t  conditions i n  f igure  7 
fo r  O0 f l aps .  
case f o r  comparison. 
Also shown i n  f igure  7 i s  the  inverse dis tance l a w  curve i n  each 
The high t h r u s t  noise l e v e l s  are seen t o  decrease with 
dis tance at  a rate which c lose ly  approximates t h e  inverse dis tance l a w .  A t  t h e  
lower t h r u s t  conditions, however, t he  sound pressure l eve l s  f a l l  off  a t  a r a t e  
faster than t h a t  of t h e  inverse dis tance l a w .  
The reason f o r  t he  d i f fe rences  of f igu re  7 a re  suggested i n  t h e  spectrum 
p l o t s  of f igure  8. Sound pressure l e v e l s  are shown as a function of frequency 
f o r  a high t h r u s t  condition on t h e  l e f t  and a low t h r u s t  condition on t h e  r i g h t  
f o r  two d i f f e r e n t  a i r c r a f t  a l t i t u d e s .  The spec t ra  f o r  t h e  high t h r u s t  condition 
contain r e l a t i v e l y  strong low frequency components whereas t h e  low t h r u s t  noise 
spec t ra  contain r e l a t i v e l y  s t rong high frequency components. 
i n  t he  s p e c t r a l  content of t he  noise and the  associated d i f fe rences  i n  
These differences 
atmospheric a t tenuat ion  result i n  d i f f e r e n t  a t tenuat ion  rates as a function of 
dis tance.  
The usefulness of parametric data f o r  pred ic t ing  t h e  noise f o r  a given 
climbout p r o f i l e  has been evaluated and t h e  results are i l l u s t r a t e d  i n  f igure  9. 
This p r o f i l e  involved take-off power with 14' f l a p s  t o  1500 f e e t  a l t i t u d e  with 
a power reduction t o  produce a climb rate of 500 fpm. 
data from three  runs involving t h e  take-off-climbout p r o f i l e  shown i n  t h e  top 
Perceived noise l e v e l  
sketch are p lo t ted  as a function of distance from start of r o l l  a t  t he  bottom 
of the  f igure .  
perceived noise l eve l s  based on the parametric f l ight s tudies  described above 
For comparison, estimates have been made fo r  t he  associated 
fo r  t h e  appropriate t h rus t  and a l t i t u d e s  of t he  given p ro f i l e  and these 
estimates are represented by the  two so l id  curves i n  the  bottom sketch. It 
can be seen t h a t  good cor re la t ion  e x i s t s  between t h e  measured perceived noise 
l eve l s  and those estimated from the  parametric s tud ies .  
The use of the  parametric f l i g h t  concept fo r  t he  ground noise evaluation 
of an a i r c r a f t  i n  f l igh t  may be pa r t i cu la r ly  useful  because the  need f o r  
repeated take-offs and landings i s  eliminated. It i s  important to note t h a t  
a i r c r a f t  weight i s  not a s igni f icant  fac tor  nor i s  it necessary t o  make the  
measurements at an a i rpo r t .  It should be noted, however, t ha t  i n  order t o  
f u l l y  exploi t  t h i s  method, t he  a i r c r a f t  has t o  be under posi t ive control  at  
a l l  times and thus the  instrument requirements for  t racking as wel l  as fo r  
acoustic measurements are approximately the  same regardless  of the  method used. 
CONCLUDING REMARKS 
Power cutback i s  shown t o  be bene f i c i a l  i n  reducing noise l eve l s  under the  
climbout path, t he  amount of reduction being a function of the  detail  design of 
t h e  airplane.  A spec ia l  f l i g h t  procedure has been described which produces 
parametric data  su f f i c i en t  f o r  accurately predict ing ground noise l eve l s  
during climbout. 
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Figure 5.- Factors t h a t  influence noise predict ion on jet-powered transports.  
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